of the cerebral cortex of primates traditionally termed the association areas was differentiated early in experimental neurology from the primary motor and sensory areas. Association cortex is characterized by a eulaminate or heterotypical cytoarchitecture, thought by some to contain many structurally differentiated areas, by others to be virtuallv uniform from one region to another, but by all to differ markedly from the agranular motor cortex and the koniocortex of the sensory areas. The < notion evolved among experimental neurologists that it is within these regions that afferent input from two or more sensory channels is brought into conjunction with a hypothetical neural concomitant of "ideas" or concepts with the resulting perception of an object in the external world, as distinct from but additive to the simpler sensing of that object. The defects in the more complex aspects of sensation which occur in humans with lesions, for example, of the posterior parietal association cortex, lend some credence to this concept. The general idea has lost favor in recent decades, however, for it does not explain the panorama of abnormal function in humans with lesions of the association areas. Moreover, it is unlikely that cerebral operations fit hierarchical series like those the association model presupposes.
Undoubtedly, parallel processing mechanisms are superimposed within the brain on a basic hierarchical design. Sensory input is processed through different levels leading to neural and behavioral events of quite different natures, from direct reflex reactions to storage in memorv.
The development of new methods (28) for the simultaneous observation of behavioral acts and the neural events thought relevant to them has allowed direct study of the association cortex of the frontal (31, 52, 53), temporal (34), and parietal lobes (10, 21, 23, 46, 47, 73). We present here the results of a survey of the functional organization of the posterior parietal areas of the monkey cerebral cortex, made in waking monkeys trained to respond with simple behavioral acts on detection of certain sequences of sensory stimuli.
Our results lead to a hypothesis of the function of the posterior parietal cortex: these regions receive afferent signals descriptive of the position and movement of the body in space, and contain a command apparatus for operation of the limbs, hands, and eyes within immediate extrapersonal space. This general command function is exercised in a holistic fashion.
It relates to acts aimed at certain behavioral goals and not to the details of muscular contraction 'during execution. These details are, on this hypothesis, made precise by the motor system, for which it is well suited by virtue of its powerful mechanisms for specifying movement exactly. We believe that our findings provide a positive image of some of the behavioral defects that appear in humans and monkeys after lesions of the posterior parietal areas. the insistent denial &at paralysis exists.
In other cases, supposedly when the lesions in ehe right hemisphere of dextrals are larger, the syndrome takes on more global dimensions, inducing changes in behavior that affect both sides of the bodv and the patient's capacity to orient himself in and to operate within the immediate space that surrounds him (3). The additional signs are the appearance of constructional apraxia (57, 5S), which is more common with right but does appear with left hemispheric lesions (,4, 6, 59, 60, TO), and difficulty in map reading and route finding. The latter disorder of the topographical sense occurs using either tactile or visual cues; it appears more often after right-than after left-sided lesions, in right-handed individuals (11, 1'7, 71) .
How and in what way the syndrome produced by lesions of the left parietal lobe in dextrals differs from that just described is the source of some disagreement.
DennyBrown (18) describes the occasional appearance of the purely contralateral syndrome (of amorphosynthesis). This must occur rarely, for in the majority of patients this simpler syndrome is overlaid with disorders of behavior that affect both sides. Constructional apraxia occurs less commonly with lesions of the left side, but the ideomotor and ideational forms of apraxia appear only after lesions on the left (38). This is true also for the agnosias and the disorders of language:
finger agnosia, right/left disorient.ations, dysphasia, alexia, agraphia, acalculia -these and similar disorders appear in conjunction with the contralateral syndrome described above, with destructive lesions in
The parieta1 association areas of the monkey occupy the superior and inferior parietal lobules. The former is largely area 5 of Brodmann (8, 9), and more or less equivalent to the area designated PE by von Bonin and Bailey (7) , who used the nomenclature of von Economo; the latter is more or less equivalent to area 7 of Brodmann, and areas PI? and PG of von Bonin and Bailey. There is no evidence that the monkev brain contains homologies of the angularand supramarginal gyri of the human brain, areas 39 and 40 of 'Brodmann.
The syndrome which follows removal of the parietal lobules in the monkey is contralateral and symmetrically equivalent on the two sides. We have found no description of a case in which a global disorder bf behavior was produced-in a monkey by a unilateral parietal lesion. The changes in behavior which do result resemble the contralateral syndrome of amorphosynthesis of . Such animals show a neglect of the contralateral limbs, a paucity of spontaneous movements, and errors in reaching with the contralateral arm into either half of extrapersonal space (22, 25) . In this latter, they differ from humans with parietal lesions; for humans the error in reaching is related to the contralateral half of space and holds for either arm with unilateral lesions (35 DETECTI ON  PARADI GM   LI GHT  DI MS  TARGET  LI GHT   KEY  DOWN  1  1  DETECTI ON  +  I NTER-TRI AL  ---i  , LATENCY  ,  I NTERVAL  I  I  I  I  I no more than two training sessions. Finally, four animals learned within one to three additional training sessions to track the stimulus light as it moved around the circumference of the apparatus shown in Fig. 2 , and to project accurately to contact it.
Animal preparation and method of recording The monkey's head was held in a normal upright position by a stainless steel positioner fixed to the skull with anchoring screws and dental acrylic (Fig. 2) . A Z-cm trephine opening was made, centered a bit posterior to the intraparietal fissure, directly behind the hand and arm area of the postcentral gyrus. The opening was closed with a thin, fitted Lucite plug, cemented in place with dental impression compound.
The recording chamber was oriented over the closed opening, its axis normal to the surface, and fixed in place with an external seal of impression compound and several layers of dental acrylic. The chamber position was varied from one experiment to another to allow access to different zones of parietal cortex. The wound was cleaned daily, and an antibiotic was given. In two animals the horizontal electrooculogram was recorded via AgAgCl cup electrodes implanted in the bone of the lateral orbital rims; the leads were brought subcutaneously to a small pedestal plug fixed in the acrylic implant.
On each recording day the head was fixed, the chamber opened, the dental impression compound seal between its inner wall and the skull repaired if necessary, and the Lucite plug removed. The baseplate of the microdrive was fixed to the chamber top (see Fig. 3 served in SI, for they are not sensory in nature. We classify these as projection and hand-manipulation neurons because of their functional properties, which we describe in a later section. Cells of this type occur also in the anterior part of area 7 (see Fig. 13 ).
JOINT NEURONS OF AREA 5. Table 2 reveals that two-thirds of the cells identified in area 5 responded to passive rotation of the limbs at their joints. Many of these resemble the joint neurons of area 2 of SI in that a) about 82% of them are related to single joints on the contralateral side of the body, and b) many of them are sensitive indicators of the steady joint position, at least over the time scale of a few seconds. A smaller number differ from the joint neurons of area 2 in that a> about 10% of the total is related to two or more joints on the contralateral side, and b) about 7.570 can be activated by rotation of joints on the ipsilateral side of the body, a relation never observed by us for joint neurons in area 2 (see Table 3 ). Moreover, many area 5 joint neurons are much more active during active movements of the limbs than when <he latter are passively displaced. It was a common observation that while passive rotation of the appropriate joint might evoke only a few impulses, the same neuron was driven to high rates of discharge during an active movement which involved rotation of the same joint. The results of studv of one such neuron are shown in Fig. 5 Table 2 ), and the properties of many of them differ from those of cutaneous neurons of the postcentral somatic central cortex. Firstly, Itheir receptive fields are much larger; many located on the contralateral arm, for example, cover the en tire palm and volar surface of both the fore-and upper arm. Secondly, these fields may contain both glabrous and hairy skin, a static property which is rare for cutaneous neuions of as well as the ventrobasal complex or of SI, for the mechanoreceptive afferent fibers of beta size which innervate the skin of the arm and hand. Thirdly, large numbers of cells of this class are especially sensitive to moving as opposed to stationary stimuli, and of these many display directional sensitivity (see Table  4 ). Our criterion for the latter was that a cell be differentially sensitive to the movement of a mechanical probe no matter where in the receptive field the movement began. For manv of these cells this differential sensitivity is almost absolute; i.e., a high-frequency discharge is evoked by movement in one direction, none in the other. This property was observed for a small number of cells in an earlier study of the postcentral gyrus (66). Whitsel et al. (79) sual or auditory stimuli. Cells of the first set discharge at high rates when the waking animal projects his arm into the immediate extrapersonal space that surrounds him; those of the second when he manipulates within it. However, this activity occurs only if the projected movement or the manipulation is aimed at securing for the animal an object he desires, such as food when he is hungry; or, as in our experimental paradigm, contacting a switch or pulling a lever that provides fluid when he is thirsty. The large majority of these cells (199/218 = 92%) is silent during other active movements, such as those of an aggressive or aversive nature in which the arm and hand may be manipulated in the same zones and with the same muscles as those used during movements aimed at satisfying an appetitive drive.
The properties of these cells were first observed in naive animals, untrained in the projection task of Fig. 1 . This population of cells is divided in Table 5 We show in a later section (see Fig. 13 ) that neurons of this class are found in both the anterior (area 5) and the posterior (area 7) banks of the intraparietal fissure, in a continuous anteroposterior distribution. Replicas of the impulse discharges of such a neuron are shown in Fig. 6 . The recordings were made as the animal worked in the experimental paradigm of Fig. 1 , in which he was required to detect the modulation of a lighted switch placed at arm's length in front of him, and to reach forward to touch the switch to earn a liquid reward. Records such as those shown can be oriented at any one of a number of the accompanying behavioral events; the averages that result will differ slightly because the detection-response times will vary from trial to trial. The records to the left of Fig. 6 are oriented at the instant of key release (signal detection), those to the right at the instant of target switch closure (response).
The histograms show that neuronal activity, on the average, began to accelerate before the release of the detect key, reached a peak as the arm moved through the air toward the targe t, and declined virtuallv to zero before the h and contacted the switch. Figure  6 illustrates the results obtained in a run with a single foreperiod. More commonly, in any given run, trials with different foreperiods followed each other in a random sequence. The histograms for three other projection neurons studied in this . way are shown in Fig. 7 . The tasks were similar to that outlined in Fig. 1 There is a furious discharge, for example, when the animal manipulates within a small box to obtain a parcel of food ("winkling").
The activity is undiminished on trials in which the animal's view of the target is occluded before arm release. Tables  2 and 6 show that HM neurons occur in both areas 5 and 7, as do projection neurons. They are more likely to be encountered in penetrations somewhat more laterally placed than those in which arm-projection neurons are found, but there is considerable overlap. Table  5 shows that many HM neurons are active when the animal manipulates with either hand, and a few with ipsilateral manipulation alone. Neurons related to the ipsilateral hand in either way are 4-5 times more common in area 7 than they are in area 5. The neurons of area 7 differ from one another in their functional properties, so they can be classified as shown in Table  6 . They are neither motor nor sensory, in the usual sense. Our results suggest that they are related to manual or to visual explorations of extrapersonal space, in a conditional not an obligatory fashion. The "visual" neurons of area 7 discharge at very low rates when the animal rests quietly; those rates increase sharply when he initiates visual exploration of his environment in the special ways described below. The projection and the hand-manipulation classes of neurons of area 7 resemble in almost every way similar ones of area 5; they differ only in that a greater proportion are related to actions of both upper extremities or to the ipsilateral one alone (see Table 5 we have made into areas 5 and 7; three made into the postcentral cortex (no. 1, 2, and 3 of In some penetrations, however, long passages occur in which neurons of only a single class are encountered, as in no. 12 and 13 of Fig. 15 and no. 1 and 2 of In penetrations within the banks of the intraparietal fissure, in the midst of blocks of cells otherwise of a single class, we commonly encountered neurons with different features that appeared singly, and these were usually of the projection and hand-manipulation class or of the special type. Each of these "out of place" neurons is indicated by a horizontal bar to the right in Figs. 15 and 16 . We do not believe that all of these exceptions to the prediction of columnar organization can be accounted for on the assumption that the electrode in its passage across one column touched a small segment of an adjacent one that contained, commonly, but a single cell. The frequent occurrence of these exceptions in the cortex of the banks of the fissure, and the fact that these exceptions were almost always neurons of the conditional classes, leads us to the suggestion that there is within these regions of cortex a basic plan of columnar organization for function and that there is superimposed on it, from time to time, an additive one that is conditional in nature.
DISCUSSION
The major conclusion we draw from the observations described above is that there exist within the posterior parietal association cortex sets of neurons which function as a command apparatus for the behavioral acts of manual and visual exploration Table  2 ). to do so, they make large errors. These observations suggested the tasks outlined in Fig. 1 and the apparatus illustrated in Fig. 2 
